Background: Psychosocial factors help account for the gap between impairment and disability. This study examines the relationship between the Michigan Hand Questionnaire (MHQ) and commonly used psychological measures in patients with upper extremity illness. Methods: A cohort of 135 new or follow-up patients presenting to an urban academic hospital-based hand surgeon were invited to complete a web-based version of the MHQ, Abbreviated Pain Catastrophizing Scale (PCS), and two Patient-Reported Outcomes Measurement Information System (PROMIS)-based questionnaires: Pain Interference and Depression. Bivariate and multivariable analyses measured the correlation of these psychological measures with MHQ. Results: Accounting for potential confounding factors in multivariable regression, upper extremity disability as rated by the MHQ was independently associated with PROMIS Depression, PROMIS Pain Interference, visit type, and working status. The model accounted for 37% of the variability in MHQ scores, with PROMIS Pain Interference having the most influence. Conclusion: Among the non-pathophysiological factors that contribute to patient-to-patient variation in MHQ scores, the measure of less effective coping strategies and symptoms of depression were most influential. Our data add to the evidence of the pivotal role of emotional health in upper extremity symptoms and limitations and the importance of psychosocial considerations in the care of hand illness.
Introduction
Upper extremity-specific symptoms and limitations are measured with a variety of instruments, such as the Patient-Reported Outcomes Measurement Information System (PROMIS) Upper Extremity questionnaire, the Disability of the Arm, Shoulder, and Hand (DASH) questionnaire, and the Michigan Hand Questionnaire (MHQ). 2, 10, 11, 14 Mounting evidence suggests that patient-to-patient variation in the PROMIS Upper Extremity and DASH scores is more strongly related to mood, coping strategies, and circumstances than to pathophysiology and objective impairment. 1, 3, 5, [10] [11] [12] 18, 22, 23 The role of psychological factors in variation in MHQ scores is less well studied. 6, 10, 13, 21, 24 London et al noted that the mean MHQ scores were lower in patients categorized as having a high score on the Pain Catastrophizing Scale (PCS), but did not evaluate the correlation of ineffective coping strategies with hand-specific symptoms and limitations on the continuum on which they occur. 16 We undertook this study to examine the relationship between commonly used psychological measures and the MHQ in patients with upper extremity illness. We tested the primary null hypothesis that there is no correlation between the PROMIS Pain Interference and the MHQ. Secondarily, we characterized the association of the MHQ with the PROMIS Depression and Abbreviated PCS.
Methods

Study Design
With the approval of our institutional review board, 135 new or follow-up patients presenting to an urban academic hospital-based hand surgeon were invited to enroll in this cross-sectional study. Patients were considered eligible if they were at least 18 years old and spoke English fluently. Enrollment took place between May 2014 and March 2015. Ten patients (7%) declined participation, leaving 125 in the study. All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2008. Informed consent was obtained from all patients included in the study.
A research assistant asked all consenting patients to complete a demographic survey, the MHQ, 6 the Abbreviated PCS, 4 and two PROMIS-based questionnaires: Pain Interference and Depression. 17 All questionnaires were filled out using an electronic tablet. Data were administered with use of Assessment Center, a secure web-based resource promoted and built by the PROMIS initiative (http://www. assessmentcenter.net).
Patient Characteristics
Our study sample consisted of 59 women and 67 men with a mean age of 51 years (SD = 16) ( Table 1 ). Most patients (81%) were white and working full time (60%). Fifty-two percent of office visits were related to acute traumatic conditions (fractures, sprains, dislocations, lacerations, and contusions).
Outcome Measures
The MHQ is a hand-specific outcomes instrument consisting of 37 items under 6 domains: (1) overall hand function, (2) activities of daily living, (3) work performance, (4) pain, (5) aesthetics, and (6) patient satisfaction with hand function. Each item on the MHQ is answered on a 5-point Likert scale. Responses are then summed to yield a domain score for each of the 6 domains. Each domain score is transformed to range from 0 to 100. With the exception of the pain scale, higher scores indicate better performance for all scales. The MHQ also yields a summary score, which can be calculated by averaging the scores for each domain, after reversing the pain score. 7, 25 The PROMIS questionnaires use computerized adaptive testing to tailor the most appropriate series of questions for each patient based on their previous responses. The number of questions administered ranges from 4 to 12. The PROMIS Pain Interference quantifies the extent to which pain limits or interferes with patients' physical, mental, and social activities. The PROMIS Depression measures self-reported negative mood (sadness, guilt), views of self (self-criticism, worthlessness), social cognition (loneliness, interpersonal alienation), as well as decreased positive affect and engagement (loss of interest, meaning, and purpose).
The Abbreviated PCS is a validated short form of the PCS that utilizes 4 questions (items 3, 6, 8, 11) to assess coping strategies in response to nociception. 4 The maximum score is 16, with a higher score indicating a higher level of catastrophic thinking.
Statistical Analysis
An a priori power analysis indicated that a minimum sample size of 123 patients would provide 80% statistical power (alpha = 0.05) to detect a 0.25 correlation strength between the MHQ and PROMIS Pain Interference. Continuous data were presented in terms of the mean, the standard deviation, and the range. Categorical variables were presented with frequencies and percentages.
To evaluate the association between each explanatory variable to MHQ, associations with continuous variables were assessed using Pearson correlations. Associations with dichotomous and categorical variables were measured using independent samples t test and 1-way analysis of variance (ANOVA), respectively. Variables with P < .10 in bivariate analysis were inserted into multivariable linear regression analysis, in order to assess their independent ability to explain the variation in MHQ scores. Because PCS and PROMIS Pain Interference measure the same construct, and to avoid co-linearity, we only entered the questionnaire with the strongest correlation in bivariate analysis into the multivariable model. The model produced the R 2 value, a statistical measure of the percentage of the overall variability in MHQ scores that could be accounted for by the variables included in the model. Statistical significance was set at P < .05.
Results
In bivariate analysis, the MHQ correlated with PROMIS Pain Interference (r = −.62, P < .0001), PROMIS Depression (r = −.46, P < .0001), PCS (r = −.51, P < .0001), follow-up visit (rather than new patient) (t = 40.2, P ≤ .001), other pain conditions aside from the purpose of the visit such as fibromyalgia or polymyalgia rheumatica (t = 40.1, P = .0001), sex (t = 39.5, P ≤ .0001), smoking status (t = 40.4, P ≤ .0001), and working status (F = 1509, P ≤ .0005), marital status (F = 1504, P ≤ .0001), and ethnicity (F = 1545, P ≤ .0001) ( Table 2 ). The etiology of the illness, acute trauma versus atraumatic diagnosis, also correlated with MHQ score (F = 1620, P ≤ .0001) ( Table 2) . Accounting for potential confounding effects using multivariable modeling, upper extremity disability as rated by the MHQ was independently associated with PROMIS Depression, PROMIS Pain Interference, visit type, working status, and the other variables that demonstrated significant correlations with the MHQ. The model accounted for 53% of the variability in the MHQ scores, with PROMIS Pain Interference having the most influence (partial R 2 = .27) ( Table 3 ).
Discussion
The aim of this study was to evaluate the association of psychological factors with the MHQ. We found that MHQ scores were independently associated with measures of depression and coping strategies in response to nociception, with the latter accounting for most of the variability in MHQ scores. 6, 10, 24 A number of shortcomings of the study should be kept in mind to better interpret our data. The findings might apply best to our region and our practice setting. All patients were enrolled from the practice of a single urban academic hospital-based hand surgeon. Some patients had a noticeable loss of concentration filling out so many questionnaires. Some patients had more than 1 medical issue affecting hand function, but we focused on the presenting problem. It is possible that there are pathophysiological factors other than diagnosis that might account for some of the variation in symptoms and limitations However, our findings are consistent with extensive research consistently finding that patient-to-patient variation in symptom intensity and magnitude of limitations is more strongly related to stress, distress, and ineffective coping strategies than to diagnosis or degree of pathophysiology.
The finding that approximately half of the variation in MHQ scores is accounted for by ineffective coping strategies, symptoms of depression, and work status is consistent with prior studies of the DASH, PROMIS Physical Function, and PROMIS Upper Extremity Function instruments. 8, 15 The correlation of objective measures of pathophysiology (eg, stiffness, arthritis, injury severity) 9 with patient-reported outcome measures is consistently much less than the correlation with psychosocial factors. 1, 3, 4, [10] [11] [12] 18, 22, 23 These findings are important given the increasing emphasis on value and patient-reported outcome measures. All hand-and upper extremity-related patient-reported outcome measures studied to data are strongly influenced by psychological and sociological factors. Our data add to the evidence of the pivotal role of emotional health in upper extremity disability 15, 19, 20 and the importance of psychosocial considerations in clinical approaches to hand-related injuries.
There may be significant opportunities to reduce symptoms and limitations by addressing stress, distress, and less effective coping strategies in patients with hand illness.
Ethical Approval
This study was approved by our institutional review board.
Statement of Human and Animal Rights
All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2008.
Statement of Informed Consent
Informed consent was obtained from all individual participants included in the study.
Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article. 
